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ABSTRACT 

An exact Markov approach is used to calculate the 

attrition suffered by a number of Identical targets subjected 

to sequential missile attacks* Various missile-allocation 

situations are examined. An APL program is presented. 
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A MARKOV APPROACH TO LARGE MISSILE ATTACKS 
Maurice M. HIzrahl 

INTRODUCTION 

This paper exactly calculates the attrition suffered by a number of 

targets In a formation subjected to sequential missile attacks* The targets 

could be a raid of enemy bomber aircraft attempting to penetrate several 

layers of missile defenses, such as missile-firing fighter aircraft or surface- 

to-ai r missiIes„ 

Specifically, we will calculate the distribution of the number of sur- 

vivors of a set number of attacks with given parameters, for various missile- 

allocation situations, and the expected number of missiles fired. The emphasis 

will be on eliminating the complexity arising from a large number of missiles 

attacking simultaneously,  APL programs for these calculations, written by Paul 

E. Klebe and the author, are presented in Appendix A„ 

ASSUMPTIONS AND METHODOLOGY 

The targets are identical, and the missiles in a given attack are 

identical and fired simultaneously* Let 

n  be the initial number of targets 

M. be the maximum number of missiles fired in the i_th_ attack 

p.  be the probability of kill of 1 missile against 1 target 
1  in the ith attack 

k  be the total number of attacks. 

Three cases will be examined, differing in the manner In which the missiles 

allocate themselves and the number of missiles fired. The first 2 cases reflect 

random targeting:  the missiles allocate themselves randomly among all the 

available targets (Case 1) or among a specific number b. of targets — say the 

closest b. targets (Case II), Under those assumptions, if no target is present 

no missile is launched, but if at least 1 target is present all  M. missiles are 

launched* This corresponds to the situation where the defense sees only a blob 



of targets and cannot tell them apart, or where the missiles cannot be pre- 

cisely guided* The last case (Case 111) reflects perfect targeting: the 

targets can be distinguished individually and only 1 missile Is allocated 

per target, up to a total of M.  in the i_th attack* Thus,, no target can be 

hit by more than 1 missile in Case III, 

It is assumed that the targets do not shoot back, or that, if they do, 

an adjustment is made to the M. of the next attack* A target is either killed 

(it "disappears") or it is intact;  no intermediate states are considered, 

A simple Markov chain will be used in every case. The state of the system 

after the i_th_ ittack is therefore described by an (n+1) - dimensional vector, 

S. - (PQ P. ... Pn)  , (1) 

where P  is the probability that r targets are  present (have survived). The 

initial state is 

SQ = (0 0 ... Q 1)  . (2) 

The transition matrix T  corresponding to the i_th attack depends on p.  and 

M.  (and also on b.  in Case 11). T  is an (n+l) by (n + !), triangular, 

(M. +1) - diagonal matrix. After the kth attack, the system is in the state 

Sk = Sk=l Tk == s0 T
1 T2 ... Tk . (3) 

The problem, therefore, reduces to calculating the transition matrices 

corresponding to each of the 3 cases. Once that is done and the final state 

S,  is obtained, one can extract  the relevant statistics. Let S, (i) (for 

i = 0,1,...n) denote the ith element of S, . Then: 
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® The expected number of targets surviving the k attacks Is: 

t 
j=0 

(h) 

• The standard deviation Ss: 

n r n 

j=0        Lj=0 
(55 

The expected number of missiles fired is: 

k 

E, EE(,!   - 
! = 1 

(6) 

where E(i)  is the expected number of missiles fired on the !th_ attack.  In 

Cases I and  I I, we have: 

:(i) = M. [l - S,_, (0)] . (7) 

The above reads: M. missiles (the maximum for the lth_ attack) multiplied by 

the probability that there is at least one target present after the (i - 1)th 

attack. 

in Case 111, we have: 

r 

E(i) =< 

j S,_,(J)   for M. > n , 

j-0 

+ M. [~S| = 1 (M.-i- 1) 4- ooe + S. = 1(n}1  for M. < n. (8) 
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The above  reads:     if the number of  targets present after the (I - S)tjh attack 

is  less  than    M.,   then only as many mfssiles as  there are targets are fired. 

and   if    M.     targets or more e.*e present after the  (i - l)th_ attack,   then    M 

missfles are  fired. 

CALCULATION OF THE TRANSITION MTR'CES 
,i 

The dependence of M., p., b., and T  on i (the attack number) will be 

dropped in this section for simplicity,, Let the elements of the transition matrix 

T be: 

T.. = probability that exactly I targets survive given that j 
U are present (; ,j = Q,l,...n). 

For purposes of use in Equation (3), it will be understood that i denotes the 

column and j the row. 

Case I:  Random Targeting with Missiles Spread Among All Targets Present 

This is the most difficult transition matrix to calculate. We have: 

ij 

0    if    j»t<0    or    J-I>M 

P. .    otherwise. 
(9) 

where 

p  s --Mr 
ij  J  ( 

Zw k   "k   '      k ' 

s = 1 -p is the survival probability, and the sum extends over all k  ranging 

from 0 to H but subject to the constraint that their sum be M( £ k =H). Me 

will first derive this result then simplify It. 

Derivation of Transition Probability 

We are looking for the probability that i targets survive if j are pre- 

sent. Label the j targets 1 to j. Assume that targets 1 to f survive after 
k|   kj 

being targeted by k.  to k. missiles, respectively, (probability: s ...s ) 

and that targets 14-1  to j are shot down after being targeted by k. + ,  to k. 

.1,- 



k k 
i+l        i mi ssi 1es9 respectively (probabi 1 i ty:  (l-s   )0D8(1=s

J)0 The kss must sum 

to M since there are only M missiles in the attack* There are MS/(k.Ik_i...k.i) 

different ways of allocating k.  missiles tc target 1,  k„ missiles to target 2, 

etc, and k. missiles to target }.    Thuss the probability of a given com- 

bination is [M!/(k,!k2!...k..)] / I  [MJ/Jk,Jk2!...k,!], which is 

j" M!/(k,!k9!...k.l) according to rthe multinomial expansion.  Finally, 

there are (.) different ways of choosing the i survivors. This leads to 

the sum in equation (10). 

Simplification of Transition Probability 

The sum[equation (10)] for the transition probability contains an exceedingly 

large number of terms and must be simplified for actual evaluation, even by 

computer* The basic approach in simplifying equation (JO) is to get the summand 

to reproduce  the well-known multinomial expansion: 

(11) 

where I means, as before, the sum from k =0 to k = M, the sum of the k's ' r r * 
always  being  M„ 

The  quantity we want  to  reduce   is 

k,+...+k.       k. -, K, 
S   ] '(l-S   1+')...(1-S  J)      . (12) 

jLmJ   k    8k    s k    8 

Consider the auxiliary quantity 

k,+...+k.  b.Llk,.,     b.k. 
F( 
Eui K,+...+k.   D..,k..,     b.k. 
 *=  s '    '(l-s 1+1 1+1)...(1-s J J)0 C3) 
k "It ' ..It « "k   !k '   k ' 



We  have,  of course, 

A =  F(l) (13a) 

The   integral 

1 
1 _ s

x = x I uK_1du (HO 

enables us to put F(b)  in the form 

F(b] = 
1   i ^-^    |^,     k^ 

|     eos      1 QU'I1       ess      QU  • W "    5 

5 5 AMIS*     Kf ,k.iy, . . ,K • m 

kn + ..,+k. 

•[•^2°"^y 

X b.+1  ».. b. k.+1   ...  kj ui+1 
bi+iki+i:!. ubjkj_1 (i:) 

where  sums  and   integrals  have  been   interchanged*     The   identity 

1     -x    bk 1   3u    _ kubk - (Logu)"1 § (16) 

puts     F(b)     in  the  foi 

J .1 
F(b)  =    J...   J dui+]   •••  duj bi+]   •••  Muui   •••  uj)~  (Lo9 U)1°J 

3b 

90'"1 v^      M!        s
ki 

1 + 1 J 1 J 

k,+...+ki     b.+1ki+1 

ui+l ••• uj 

(17) 

bJkJ 



The sum in equation (17) is easily recognized as the multinomial expansion of 
bf+i b ] M 

(is + i>. .    + ... + u. ) . The derivatives can now be taken. The identity 

M        M-1 
•^ (a-Hjb) • M(a+ub)   ub Log u (13) 

9 i ve 5 

3j-f bi+l bi   " 

* (Log u)J-1 M(M-l)..4M-(j-1)+l](is+u.J + l+...+u. J) 
b.+T    b. i + .     j 

x u-ly ... Uj 
J , (19) 

which puts F(b)  in the form 

1  J 
F(b) = M(M-l)...[M-(j-i)+l] /]../" dui+1...du1.bi+1...b;j 

X 
b. ,-1    b.-l     bi+1       b. 

ui+1'   ... Uj J (is + u1+l  + ... + Uj J)    .   (20) 

The quantity we want is then 

1   1 
A = F(1) = M(M-l)...[M-(j-1)+l] yi-./" (is + u. 

M-j+i s   s 
+1 + - 

+ Uj)      du1+l ... du. . (21) 

-7- 
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The integral can now be evaluated b/ repeated use of 

A i  ,  \n   (a+1   - (a+s) 
dx(a+x) = -* n~TT   ' (22) 

The result, which can be established by induction, is 

£ J-i-d /j-r 
A = > . (-1)J"'_U (J^)td + (j-d)s] 

d=0 

(23) 

The   transition  matrix   i^   \h.en 'ore: 

0 if j - i < 0  or j - i > H 

T;- = j-i 

s] otherwise. 

(24) 

d=0 

This form for T..  is far more tractable than equation (9)„  Indeed, 

equation (10) quickly becomes: unwieldy as M increases, but that is not the 

case for equation (23) , which is a simple sum cf not more than n+ i  terms.  In 

other words, the number of missiles M is no longer a limit on the "tractabi1ity" of 

the problem. The number of targets n is still a limitation* however, but a mild 
2 

one:  the number of elements in the transition matrix grows as n . 

M 
T   is understood to be 1.  Note that along the diagonal (I = j # 0)T.. - ^ 
oo      n s j 

Note also that  E T. . = 1  as expected.  Detailed calculations for n=!0 have 

verified that equations (9) and (2k)   give exactly the same T..„ 

Case II;  Random Targeting, with Missiles Spread Among a Specific Number of Targets 

Let us now assume that the M missiles allocate themselves randomly among 

only the closestb targets Let T8..  be the generic transition matrix element 

-8- 



(probability that ! targets survive when j are  present).  If b >_ j, this 

restriction makes no difference and there is no change In the transition matrix 

T.. of equation (24). But if b < j, T1..  is the same as T. _ /..\     . _ /. . » 

Therefore^ the full transition natrix in this case Is: 

0     if    j - i < 0      or      j - I > M 

ij = ( ij if    j >b (25) 

i + b - j ,  b    otherwise   , 

with    T..     in equation  (24). 

Ccse   III:     Perfect Targeting — One Missile Per Target 

In  this case  the distribution of survivors  follows a simple binomial 

distribution,  and  the result   is: 

(>Hn~p) i for    i < j < M 

ij 
(."i)p

j"i(l-p)H"j+i  for   M < j < M+i and j>i      (26) 

for   M + i < j    or   j <1 

For example,   if    n = 10    and    M = 5S   the  11x11   trans i tion matrix for 

arbitrary o  is   (notations     a,be means    ap   (1 rap)   ) 

1 0 0 0 0 0 0 

p 1-p 0 0 0 0 0 

V 2,11 (1-p)2 0 0 0 
p' 3,21 3,12 (1-p)3 0 0 
V 4,31 6,22 4,13 (1-,. 0 0 

p5 5,41 10,32 10,23 5,14 (1-p)5 0 
c PS 5,41 

P 
10,32 10,23 5,14 (1-p)5 

0 0 r -10,32 10,23 5,14 
0 0 0 

^'41 
10,32 10,23 

0 0 0 0 
>" 

10,32 
0 0 0 0 0 5,41 

.  (27) 
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APL programs for the various calculations presented here are available. 
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APPENDIX A 

APL PROGRAMS FOR ATTRITION CALCULATIONS 

This appendix contains APL programsp written by Paul E. Klebe and the author^ 

which calculate the attrition based on the method described in the text. 

The first listing is given in table A-l. Examples for each of the three 

targeting modes are given in tables A-2 to A-4.  In the case of random allocation 

among only the closest b targets9 only the case b
sH has been coded. Further9 

the probability of kill P and the number of missiles per attack M are the same 

for each attack. There are 6 inputs to the program; 

I N = number of targets 

I K = number of attacks 

• M = number of missiles per attack 

S P = probability a missile kills its target 

{ 0  for random allocation among the closest M targets 

1 for random allocation among all targets present 

2 for perfect targeting 
iTGT 

ITEST 
Uot 

if N9 H, P and TGT have not changed from the previous run (so that 
ransition matrix does not have to be recalculated) 

herwise. 

The program is initiated by keying in 

(TGT, TEST) RUNNOW (NSK,MSP) 

with the appropriate values substituted for the variables.  Sf it is desired 

to make it Interactive, keying In 

GETDATA 

will cause the program to ask for the required inputs by name. This is shown 

in table A-5. 

A-l 



The output returned by the program is as follows: 

• A 1ist of inputs 

• The transpose of the transition matrix T (not T itself In order to save space) 

• The number of targets surviving 

• The standard deviation of targets killed 

• The expected number of missiles fired 

• The initial state vector 

• The final state vector 

• The sum of final state vector elements (as a check: It should be I). 

This program, written by P. Klebe, is an  original improvement over an earlier 

version by the author in that, in order to save space,, the transition matrix T is 

handled as a vector whose elements are only the nonzero elements of T. Yhts 

enables the program to run for large values of N, for which the size af t'">e T 

ir.atrix is prohibitive. An example of this is provided in table A-6, \-U -. ~e the 

case n=!00 is treated*  In cases when N is >j?rger than 10, only the n (Zof3 

elements of T are  printed In the output, as shown.  For very large values of 

Ns the number limit on the factorials may be reached and the program will not 

•-un.  Roundoff errors may also be introduced for large N, due to the very small 

values of the elements of the final state vector.  (This is particula/ly evident 

in standard deviation calculations ) <, 

Running time is of the order of seconds, at worst minutes, even for large 

N. Note that under perfect targeting and random targeting among closest M, no 

more than MK targets will ever get targeted. Thus, if MK-<-N, the input N can 

te chosen equal to MK and N-MK added tc the number of survivors given by the 

program. This reduces the run-time. 

Example: N=50, K=5» M=6, Ps.l, TGT=1. The program correctly calculates 47«3 
survivors, but the final state vector elements sum to 1.01, which causes ° 
in (5) to be -10.9. This is why a statement was introduced defining02 to be 
the larger of the calculated value and 0. 

A-2 



The functions used in this 'program are: 

• The overall control function RUNNOW 

• The interactive function GETDATA 

• TMRI, which calculates the transition matrix for the case TGT = 0 

• TMR2s which calculates the transition matrix for the case TGT "B ' 

• TMR3, which calculates the transition matrix for the case TGT = 2 

• SUM, which calculates the sum in equation (24) of the main text 

• NOMISP, which calculates the successive state vectors and number of 

missiles fired under perfect targeting assumptions 

@    NOMISR, which calculates the successive state vectors and number of 

missiles fired under random targeting assumptions 

• BtGDATA, which handles large transitions matrices (N larger than 10) 

• OUTPUT, which organizes output presentation. 

In certain cases, however, St is useful to be able 20 handle the actual 

transition matrix T, as opposed to a vector substitute for It.  The following 

program, written by the author, performs the same functions as the previous one, 

but handles the T matrix as a matrix.  Therefore, St cannot handle values of 

N that are larger than about 70 for an 85,000-byte workspace. 

There are h   inputs to the program: 

• N = number of targets 

• K = number of attacks 

© M = number of missiles per attack 

• P = probability a missile kills its target 

The program is initiated by keying in: 

PERTAR for perfect targeting, 

RANTAR for random targeting among all targets present, and 

RANTARH for random targeting among the closest M targets. 

The output returned by the program is the same as before. A listing Is 

given in Table A-7 and examples for the 3 targeting modes are given in table 

A-8. The functions used are: 

• The 3 overall control functions PERTAR, RANTAR, RANTARM 

• The functions calculating the state vectors: 

NOHISP for perfect targeting and NOMISR for ra ,dom targeting 

'• The 3 functions TMl, TM2, and TM3, calculating the transition matrices 

for the 3 targeting modes: random among closest M, random among all, and 

perfect, respectively. 
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TABLE A-I 

LISTING OF FIRST APL PROGRAM 

>LQAD KLEBE 
SAVED 00/10/29 17.00.13 

)FNS 
BIORATA  GFTDATA  NDMISP  N0H1SR  OUTPUT  RUNNOU  SUM  TMR1  TMR2  TMR3 

vBIGDATACOlv 
v BIGMATASKCfCTrVT 

C13   SPACE 
C23   'VALUES OF NsMeSIZE OF T! 

C31   NpfWT 
142        SPACE 
E33   ->(TEST = 1)J>0 
16,1 CA<-KCK) 
€72      -THE TRANSPOSE OF THE TRANSITION MATRIX T ISI 
cei RERI.IN:VTU+MI.N-CA 
E91   'I6§F7,4'?<CA?TCKC+»VT3> 
E1G3  KC*KC+VT 
nil -KN£CA<-CA+I>PBERLIN 

?GETDATACD3^ 
v GETDATA 

U.3 SPACE*-' ' 
C23 DI04-0 
C33 'LIST THE NUMBER OF 
T43 '     THE NUMBER OF 
T53 PEST4-Q 
C63 SPACE 
t73 'TYPE 1 FOR PERFECT 
T83 T6T*-3--D 
C?D -KTGT = 2>PB0ST0N 
C103 SPACF 
[11] 'TYPE 1 IF MISSILES 
T.123 *     2 IF MISSILES 
T133 TGT4-2-0 
r'143 BOSTON I SPACE 
E153 SPACE 
T163 'TYPE 1 IF THE T MATRIX 
C173 TEST4-0 
HI 8 3 (TGTrTEST)RUNNOU PEST 

TARGETS* NUMBER OF SUCCESSIVE ATTACKSf• 
MISSILES IN EACH ATTACK? THE MISSILE PROBABILITY OF KILL' 

TARGETING? 2 FOR RANDOM TARGET1N01 

SPREAD AMONG ALL AVAILABLE 
SPREAD AMONG A SUBGROUP OF 

TARGETS' 
M TARGETS' 

IS SAME AS IN PREVIOUS RUN -- OTHERWISE TYPE ©' 

'S'NOMISPttnv 
v   NOMISPrAT.VTfJJ 

til EM«-0 
f.23 ATH 
E33 ST4-S0 
IA1 MN<-MLN 
C53 GGJRT«-l- + /STr»MN] 
£61 EM<~EMi(MNxRT)-f4/STC\MN]x\MN 
E7 3 JJ<-KC«-0 
CB3 ROME:VT<--I+MLN-JJ 
C93 STCJJ3fr + /STCJ..I+lVTDxTCKC+\VT3 
C103 KC+-KC+VT 
OO -»<NS:JJt-JJ+l>i»ROME 
[123 -»<KiAT*AT+l>i»G0 

n-k 



A-l (coo't) 

v NQMZSR?ATtVT?JJ 
C13 £«*•© 
£23 ATM 
C33 Sf>SO 
141 GGtEHf-Emmi-STtQl 
C53 JJf-KC*-© 
161 ROME:VT«-I*MLN-JJ 
E73 STCJJ3*- + /STCJJ+\VT3XTCKC+IVT3 
C83 KOKC+VT 
C93 -5CN-£jJ*-JJ-l-i)pR0ME 
C103 •»<KiAT«-AT+l>i'GG 

^OUTPUTEDJV 
v OUTPUT 

C13 NAME*-3 32pfRANDOM TARGETING AMONG M CLOSEBTRANDOM TARGETING AMONG ALL 
C23 SPACE 
C33 NAMEETGTJ1 | PERFECT TARGETING 
£4 3 SPACE L» 
C53 'THE INITIAL NUMBER OF TARGETS IS !tHi 
t&l 'THE DUMBER OF SUCCESSIVE ATTACKS IS '»KJ 
C71 "THE NUMBER OF MISSILES IN EACH ATTACK IS 'IMP 
C83 'EACH MISSILE KILLS ITS TARGET WITH PROBABILITY '9P» 
C?D SPACE 
C103 -*((Nrn)>10)f>PARIS 
CIO KC*-CA«-0 
C121 "THE TRANSPOSE OF THE TRANSITION MATRIX T 1S1 ' 
U33 SPACE 
E143 MADRIDJVT+l+MLN-CA 
C153 KT*N+1-CA+VT 
OA3 ?   5?CCAp©)yTCKC+lVT3»COrKT)pO 
C173 KC*-KC+VT 
C183 -»<N&CA«-CA+1>PMADRXD 
C193 PARIS:SPACE 
C203 'THE NUMBER OF TARGETS SURVIVING IS • ;E» 
C213 'THE STANIJARH DEVIATION OF TARGETS KILLED IS 8 ISDI 
C223 'THE EXPECTED NUMBER OF MISSILES FIRED IS BIEMI 
CT3 SPACE 
C241 "THE INIITIAL STATE IS 9 

C253 1© 7?S0 
C263 SPACE 
^273 'THE FINAL STATE IS ! 

C283 10 7?ST 
E293 SPACE 
£303 I

A1;F6.2
>
V('SIJM OF FINAL STATE ELEMENTS SHOULD BE 1 —- IT ISI 8?i/ST> 

OO ••((MrMXlDeO 
t323 BI6DATA 
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A-l   (con't) 

vRUNNOUCDlv 
V   BAKER   RUNNQU   ABLEIST2 

CO TGT*-BAKERC©3 
C23 TESTH3AKERC1D 
E33 MAT1*3   4P,TMR1TMR2TMR3' 
E43 SSK-ABL.EC 0.1 
LSI K*-AELEC1] 
CAD M«-ABLEt23 
E73 FHABLEC33 
E83 MAT2+3   6P ' NOMISRNOP!SRN0M1SP ' 
C93 SO<-CNPO)P1 

C103 -KTEX,T=1)PL0NDQN 

C113 sMATlTTGin 
C121   LONDONI SPACE 
033 tMAT2CTBTn 
1141 I+iN+1 
C153 E<-+/IxST 
1162 ST2*-< + /(I*2)xST)-< + /lxST)*2 
E173 ST2*-ST2T0 
CI83 SB«-ST2*0*5 
C191 OUTPUT 

^SUMCOJ^ 

v  SIG«-I   SUM- JSVARfClfDlfD 
C13        D*ll+Cl«-J-I 
4J23        D1*D*J 
C33        1MR*-""i+2x2ICi + l 
t43        SI6«-(I4J>x-/VARx(D!Cl>x(]l)l-|>Sxl-Dt)'*M 

v 
^TMRlC03v 

v TMRllSfIfJiV 
f!3 T«-(L0.3+N+l+<Mx0rN-M> + (<l+S>xS«"MLN)*2>p0 
£23 V+I+O 
t.33 SK*-<S*-1-P>*M 
t4i    LOOP:JM+I 
C53 TCV3*-SK 
CA3 V«-V+l 
C73 -*<I=N)PSTEP 
C83 LOP:-»<J>I + M)PSTEP 
C?3 TCV3«-<I-0rJ-M)SUM JIM 
C103 V*V+1 
til 3 -tCNfcJ+J+DpLOP 
C123 STEP:-»<N2l*-I + l>i»L00P 
E133 TCOlf-1 
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A-l   (con't) 

v   TMR2ISJI»J»V 
Ell        T*-<L0.3+N+l + (hxorN-M) + (<l+S)xS«-MLN)*2)pO 
122        V+-H-0 
C33        SK*<S*-1-P>*M 
E43     LOOFlJt-I + 1 
C53        TCV3«-SK 
C61        V*V+1 
C73        -KI=N)PSTEP 

£81     LOP:-»<J>I+M>i>STEP 
C93        TEW3*-I   SLIM   J 
CI03     V*-V+| 
CIO     ->(N%J«-J-fl)fLOP 
C123   STEP;-»(N£l<-I-tl>FLOOR 
C133     TC03<-1 

^TMR3C01V 

9 TMR3IS^I»JfV 
C13   T+(L0«3+N+l+<Mx0rN-M) + <-Cl+S>xS«-MLN)*2)f>0 
E23   i/«-I«-0 
'C3'3"'"'SKi-'CS*;i--PJ#W 
C43  LOOPIJ*-! 
ESI  L0P:->(J>I4M)PSTEP 
€61        TCV3«-(P*J-I)x((J-I):jLM)xS*I-0rj~M 
173       V*V+1 
C83   -»<N^J*-J+l>rLOP 
C93  STEPS-»(N*I«-I + l)i>LOOP 
E1Q3  TE©3*-1 
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TABLE A-2 

EXAMPLE OF FIRST PROGRAM FOR RAHBOM 

TARGETim mom  N CLOSEST TARGETS 

<0.®>   RUNNOH   (10>4iSr.S) key  In 

RANB8M TARGETING AMONG M CLOSES^ 

TMF. INITIAL MOHBFR OF TARGETS IS 1© 
TMF NUMBER OF SUCHESSIVF ATTACKS IS 4 
THE. KUMBFR OF MISSII FR IN EACH ATTACK IS 5 
EACH MISSILE KILLS ITS TftRSET WITH PROBABILITY 0.5 

THE TRANSPOSE OF THE TRANSITION MATRIX T IBS 

1.00000 
o.ooooo 
O.00000 
0.00000 
0.00000 
0.00000 
0.0(5000 
O.00000 
0.00000 
0,00000 
0.00000 

0.V6875 
0.03125 
0.00000 
0.00000 
C.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.55664 
0.41211 
0.03235 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.15B1B 
0.50926 
0.30131 
0.03125 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.02197 
0.22339 
0.46692 
0.25647 
0.0.1125 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00120 
0.0420© 
0.25500 
0.4380© 
0.23255 
0.03125 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

©.00©00 
0.6612© 
O.©«00 
0.25500 
0.13800 
0.23255 
0.03125 
0,00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00120 
o.o«oo 
0.35500 
0.43BW} 
0-232S5 
0,03125 
0.00000 
0.^000© 
0.00©®© 

©.©©SOS 
0.06000 
0.00000 
0.00129 
0.04200 
0.25"H>0 
©,<?3P00 
©,23255 
0.03525 
©.00000 
0.00000 

o.eoooo 
0.00000 
0.00000 
0,00000 
0.00120 
©.©42©® 
0,2550© 
0.43800 
0.23255 
0.03125 
0.00000 

e,oaooo 
©.00006 
0,00000 
0.00000 
©.00000 
0.00120 
0.04200 
©.25500 
0.43800 
0.23255 
0.03125 

THr NUMBER OF TARGETS SURWIUIM.t IS 2.04 
THE STANDARD DEVIATION OF TURRETS KILLED IS 1.4? 
THE EXPECTED NUMM'R OF HISSILFS FIREB IS 20 

THE INJITIAL STATE IS 
0.0000000 0.0000000 0.0000000 0.0000000 0,0000000 0,0000000 0.0000000 0.0000000 O.OOOOOSO 0.0000000 1.0000000 

THE FINAL STATE IS 
0.1&54055 0.2340347 0.2455101 0.186343? 0.1065119 0.0453583 0.0136313 0.6027968 0.0003703 0.0000284 0.000001® 

RUM OF FINAL STATE ELEMENTS SHOULD BE 1 -- IT ISI 1.00 
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TABLE A-3 

EXAMPLE OF FIRST PROGRAM FOR ftATOWt 

TARGETING AMONG ALL TARGETS PRESENT 

Cl»05   RUMMRS   Jl©s4i>5s.S» key i n 

RANDOM TARGETING AMONG ALL 

THE INITIAL NUMBER OF TURRETS IS 10 
THE HUMftPR OF SUCCESSIVE ATTACKS IS 4 
THE NUMBER OF MISSILES IN EACH ATTftCK IS S 
EACH MISSILE KILLS ITS TARGET WITH PROBABILITY 0,5 

THE TRANSPOSE OF THE TRANSITION MATRIX T ISI 

1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
O.00000 
0.00000 

0.96875 
©,©3125 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.55£64 
0.41211 
0.03125 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.15818 
0.50926 
0.30131 
0.03125 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0. 0000 

0.02197 
0.22339 
0.4M9? 
0.25647 
0.03125 
0.00000 
0.00000 
0.00000 
0.00000 
0,00000 
0.00000 

0.00120 
0.04200 
0.25500 
0.«i ?800 
0.23255 
0.031??; 
0.00000 
0.00000 
0.00000 
0.00000 
o.oooeo 

0.00000 
0.00289 
0.057R? 
0.27347 
0.41775 
0.21776 
0.03125 
0,00000 
0.00000 
0.00000 
0,00000 

0.00000 
0.00000 
0.004/.9 
0,07028 
0.28309 
0.40296 
0.20774 
0.0312S 
0.00000 
0.00000 
6.00000 

0.00000 
o.oooeo 
0.00000 
0.00641 
0.08011 
0.50999 
0.39173 
0.20051 
0.03125 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
o.ooeoo 
0.0B802 
0.29473 
0.38294 
0.1980S 
0.03125 
0.30000 

o.oooeo 
©.00000 
0.00000 
o.ooeoo 
o.oosoo 
0.00945 
0.0945® 
0.29813 
0.37889 
0.19078 
©.0312S 

THE NUMBER OF TARGETS.SURVIVING IS 1.72 
THE STANDARD DEVIATION OF TARGETS KILLED IS 1,44 
THE EXPCCTEIi NUMBER OF MISSILES FIRED IS 19.9 

THE INTITIAL STATE IS 
0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0,0000000 0.0000000 0.0000000 1.0000000 

THE FINAL STATE IS 
0.2350293 0.2578490 0.2312540 0,1553414 0.0790975 0.0305000 0.0087932 0.0018388 0.000263? 0.0000233 0,0000010 

SUM OF FINAL STATE ELFHENTS SHOULD BE 1 IT ISI  i,e@ 
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TABLE h-k 

EXAMPLE OF FIRST PROGRAM F©R PERFECT TARGETING 

<2»0)   RUNHOU   UOr4r5r.5> 

PERFECT   TARGETING Rfl 

THE INITIAL NUMBrR OF TARGETS IS 10 
THE NUMBER OF SUCCESSIVE ATTACKS IS 4 
THE NUMBER OF MISSILES IN EACH ATTrtCK IS 5 
FrtCM MISSILE KILLS ITS TARGET WITH PROBABILITY 0.5 

THE TRANSPOSE DF THr TRANSITION MATRIX T IS I 

1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0,00000 

0.50000 
0.30000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
o.coooo 
0.00000 
0.00000 
0,00000 

0.25000 
0.50000 
0,25000 
0.00000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0,1250© 
0.37500 
0.37500 
0.12500 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
c.00000 

0,06250 
0,25000 
0.37500 
0.25000 
0,06250 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.03125 
0.1GA25 
0.31250 
0.31250 
S.1S625 
0.03125 
0.00000 
0.00000 
0.00000 
0,00000 
0.00000 

o.ooooc 
0.03125 
0,15425 
0.31250 
0.31250 
0,15625 
0.03125 
0.00000 
0.00000 
0.00000 
0.00000 

0,00000 
0.00000 
0.03125 
0.15A25 
0.31250 
0.31250 
0.15625 
0.03125 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0,00000 
0.03125 
0.1SA25 
0,31250 
0.31250 
0.15625 
0.03125 
0,00000 
0.00000 

0,00000 
0.00000 
0.00000 
0.00000 
0.03125 
0.15625 
0.31250 
0.31750 
0.15625 
0.03125 
0.00000 

0,00000 
0.00000 
0,0000© 
0.00000 
0,0000© 
0.S3125 
0.15625 
0.3125© 
0.31250 
0.15625 
0.03125 

THE   MtlMBER  OF   TARGETS   SURVIVING   IS   1,44 
THE   SlfiNTJAfin   DEVIATION  OF   TARGETS   KILLED   IS   1.23 
THF: EXPECTED NUMBER OF MISSILES FIRED IS 17.1 

THE INIITIAL STATE IS 
0.0000000 0,0000000 0.0000000 0.0000000 0,0000000 0.0000000 0.0000000 0.0000000 0.0000000 ©.000000© 1.0000000 

THF: FINAL BTATE IS 
0.237713B 0.3460693 0.2413464 0.1120377 0.04213B1 0,0147358 0.0046206 0.0010072 {$.©001812 0.0000191 0.000001© 

SUM OF FINrtL ST6TE ELEMENTS SHOULD BE 1 — IT IS! 1.00 
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TABLE A-5 

EXAMPLE OF INTERACTIVE VARIANT OF FIRST APL PROGRAM3 

•  RET0ATA 
LIST THE NUMBER OF TARGETST NUMBER OF SUCCESSIVE ATTACKS? 

THE NUMBER OF HISSILES IN EACH ATTACK. THE HISSILE PROBABILITY OF KILL 
at 

TYPE 1 FOR PERFECT TARGETING? 2  FOR RANDOM TARGETING 
Of 
!•  2 

TYPE 1 IF MISSILES SPREAB AMONG ALL AVAILABLE TARGETS 
2 IF MISSILES SPREAD AMONG A SUBGROUP OF M TARGETS 

0! 
.^  2 

TYPE i IF THE T MATRIX IS SAME AS IN PREVIOUS RUN — OTHERWISE TYPE 0 
DS 
&*-  0 

RANDOM TARGETING AMONG M CLOSEST>etc.  (Output IS S3 In Table A-2). 

*^ means "key In". 
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TABLE A-6 

EXAMPLE OF FIRST PROGRAM FOR LARGE NUMBER 

OF TARGETS (N > |Q)a 

;)    R1INMOU    (I00i.?0i5rc Key   in 

pfHT.'iH   wri i nm (\nutir, M CI onrsT 

it"  u-'in.M   KI .in u nr TAt"':rrr'. rr 100 
i!'"'  :;•;.-! rn  en    rncrr'.si'jf   M TIM:KS  15  PO 
'!"    I'm'! ; r;   i)f    M ) r,•' T ( [ ''   TM   frtMI   'TTADK   IS   f) 
[.->' .••'i'-.r,u r Miir,  ITS Tftr.-r.rT UITH riiPPftnri nr o.i 

ii-;   'iir-r-'r: nr   v,r,r.r f, '"r;>.>iuTMn  is ?^.i 
TI"   ; r.'-.niiAi.'' p.uirtiifiK or iwnr!1; uur.n is :?.03 
ii-   i/iicit.n N'.'Mi.r n r.ti   Mir;;, n. r c; ryrni  jo  ioo 

II •r! i i ifti   <-,Tdir   lr. 
IO'.OO'

1
 o r110000 O.OOOOOOO 0.0000000 0.0000000 0.0000000 0.••'..00000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 

, ••r,r  y.. .'• r.. T,-v-r r.o O.OOOfiiO 0,0000000 O.O'O.iooo O.OOOOOOO 1.0000000 0 OOOOCOO O.OOOCOOO 0.0000000 0.0000000 0.00 
OOOOO o ,-.-.. ,-.-,,•,.-. o , ooo - oo.-, ,-• , ooflf-OOO 0 . OOOOOOC 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 
.i.000oo-.o o.oooor.oo <>.0000000 O, l.-OOOOO O.OOOOC-oo O.00'i<oi.(; 0. 000001)0 O.OOOOOOO 0.0000000 0.0000000 0.0000000 0.00 

oo.K'O  i.o(o;',.,-.    'i,.'i'-onnd  i .o..o: ."'O.-i o.ron.->o-io  n.pooi'..;i.,> o.oooooor. 0.0000000 0.0000000 o.ooooooo 0.0000000 o.ooivvjoo 
O.rofo. oi (Mi,.i,-„-.,vi ( ,(i.'.,i,i,i.?.l O.Oo.OCOOO O.OOiooOo O.OOOOO'IO O.OOOOOOO 0.0000000 0.0000000 0.00000.10 0.0000000 0.00 

r.oor.p  >..;000''". -0 O.OO.'O.IOO O.OOOO'ioo O.o-,r.-iooo 0.0000000 C.W"'(",0 0.0000000 O.OOOOOOO 0.0000000 O.OOOOOOO 0.0000000 
•J ,('"'' f..'>••) n ,-: i.'O'-. '• o.ooooopr, O.OOOO'-OO O.OOOOOOO 0.0000000 0,0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.00 

ooooo O.oiOOOOo 0.0000000 O.HO">0>"0 0 . HSOCC'i • "> 0 . o.'.oooOO O.OOOOOOO 0.0000000 1.0000000 

f I'.o!   r.ioir:   is 
. 1 o,.y   ^C'   O.OOOOOO' o. ooo.ooo  o.oor 

o.0000300  o , .\ 0100.)    0.000 "MOO 
ooi.. •••'•  o. 00,10 ." 

ooooo   .\r.,in-   r 
o,M.oi   o., o.O'ii- • " ,-., oi-i' ^ ioo   o., r 

,M'."i    0 . 0 'f.i s" ' 
r ••!• '-o  o. .H'OOi' >o 0,0V   '000    .'.C.', 

0   o..< i '•• •:   o. 0' ."; v. 1   o.oiv, • • ' i 
711 "i": o. 100 '."•'' - o.O',.-;/j\   o.o.M 

M no   ! "»rV    ':TOII    I : i to NIS  r.nriiii i. i 

wi 0,0000000 0.(000000 0.0000000 0.0000000 0.0000000 0.0000000 o.ooooooo o.ooooooo 
OOOOOOo o,OOOOOOO 0.0000000 0.0000000 0.0000000 0.0000000 0,0000030 0.0000000 0.00 

I..M 0.0000000 O.OOi'Ooon o,00'O0"0 0.0000000 C.OO^o-^^o O.OOOOOOO 0.0000000 0.0000000 
o 'on,.00 o.0"'v,ioo O.ooooooo o.OOOOOOO 0,0000000 0.0000000 0.0000000 0.0000000 o.oo 
IO1 p.r.'^o-'.' ' 0,0000000 o.ooooooo 0,0000000 O.OOOOOOO 0,0000000 0.0.100000 o.ooAoooo 
.ooo >o- o.Oiorvn -..OOOOOOO O.OOOOOOO O.OOO00OO 0.0000000 O.OOOOo^o 0.0000000 0.00 
•o,, o.ooooo.''! 0.0O0OO01 O.oooooj', O.OOOOOV. 0.000011:0 O.OOOOIV':' 0.0001691 O.OOO-l.ViJ 
.o i-> •.',:'•: o.ro'vooi o.oii<-'"i   o. o< •••..; v,  o,o?lr^v o.ij"/"'rs.n  c>. i.' • o I O'J 0.1401?::? o.i; 
','.• o.or/"?7t9 o.oo/.'.'.!" o.ooi":,.', o.ooo.^orifi o.ooooi.v.i', 

1 M    H t .'10 

3 
f!ote:^only the nonzero elements of the transition matrix are printed.  To 
explain^their location, it is best to give an example. Below is how the T 
matrix in table A-2 would be printed in this format (obtained by keying in 
BIGDATA after program execution). 

BI6MTA 

VALUES OF NtM»SIZE OF T 
s. 0 51 

1 HE TRANSPOSE 
0 1.0000 

0,031.3 
0,0313 
0*0313 
0*0313 
0,0313 
04 0313 
0.0313 
0,031.3 
0.0313 

10 0.0313 

1 
2 
3 
4 
5 
6 
7 
8 
9 

OF THE 
0.9688 
0.4121 
0.3013 
0.2565 
0. 
0.2326 

TRANSITION MATRIX T 

0. 
0. 
o.; 

326 
326 

0.2326 

0,5566 0.1582 
0.2234 0.5093 

0.4669 
0.4380 
0.4380 
0.4380 
0.4380 
0.4380 
0.4380 

i> ».» 0 o. 
0.2550 

50 
0.2550 
0.2550 
o,; .%J%J 0 

0.0220 
0.0420 
0.0420 
0.0420 
0.0420 
0.0420 
0.0420 

I. b * 
0.0012 
0.0012 
0.0012 
0.0012 
0.0012 
0.0012 
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Values of N»N,--.Size of T 
100    5        591 

") . ;;; ' 1 ' ' 

0, 

0, ,' ' '', ,, , '•'> 17 

d.tii   •! 

',.'  ('11 

ll.C'-'O 

0.0000 

10 (. , , V/O'J , :v. ".) 0 .'it,:" 0, ,0043 O.OOO! 0.0000 

11 '• . • n •-,', 0. '•'    '.0 0, . 0,'..M 0. Cn*7 ^ . ''00' 0,0000 

I 7 0. a , , '."".'.O 0, .Of? '. o. .00 17 0.000! 0.0000 

1 • 0, 0. . M T') 0 . •'•' r' (1. , OC4? O.OCO! 0.0000 

! 1 <l. '•. . "'. 1"'." 0 .•>'.:•: 0 ,'••'•17 O.OOO! 0.0000 
1 ', 0. n , .'.i;i) o, h'V,n ^ o, ,0047 0,0001 o.ooon 
1/ o. . :.?cr. 0, .-Mrno 0, ,0/.."'3 0, ,0043 0.O001 0.0000 

1 ,' 0. 0, ,7.1^0 0. . 0'.".' 1 0, , *^o i;t O.0001 0.0000 

IP n , '.'••(,•:, 0 . 71'" 0. , ,V.?7 o. '•043 O.OOOI 0.0000 
1 ° n. V,•-,'. O. 7i:',o 0 , .o/.">:i 0. ,0047 0.OOO1 0.0000 
'.'0 0. '7,'0', 0. •M'rt 0. , 0/.77 0, 01»1 O.OOOI 0.0000 
: i 0. VO' r, , -i / •» r) 0, , o'.:•'. 0. 0043 0.0001 0.0000 

:\* 0. '.'-'0'.. 0, '. i::o 0, ,c-:?3 0. ,00 4 3 0.0001 0.0000 
; \ 0. "".''O' 0. inn 0, ,0677, 0. 0O13 0.0001 0.0007 
•^A 0. f.r^-': c- . v '70 0 . ,<;.',?s 0. 0017 0.0001 O.oroo 
?3 r., •>?o- 0. .•".•S'.O 0, ,06'.'7 0. O0'*7 ^.0001 0.0000 

:•/, 0. f.90;. 0. 3170 0, .0/.77 0, ,004? o.ooot 0.0000 

:-7 0. f.vot, 0, . X A 7 0 0. . o/,?;'. 0, .0042 0.0001 0.0000 

I"! 0. rnir 0. ."14""; 0 , rv.7.7 0, ,0047 0.0001 0.0000 

: ? n , ',?C, 0. 7 5.70 o, ,•'"."'7 0, ,n.v»:; 0.0001 0.0000 

'0 0. T.'.'O', o. 3-170 0, . 0477 o, ,004? 0.0001 0.0000 
/. 0: r.?"-'" 0. .7170 o, . 0.',:>7. 0. ,•"•04? 0.000' 0.0000 

T -J 0. s7o:, 0. 7 "70 6, C/,7.7 0. ,004? 0.0001 0.0000 
17 0, '".VO-", 0. 7.1.7.0 0. Qcy. 0. "042 0.0001 0,0000 

31 0. r,9C7 0. 7-»"»0 0. ,0'.77, 0, 004? C.0001 0.0000 

3T c. r.?or; o. 7,''. 7-"- r., ,0t.23 0. 0 0 4 3 0.0001 0.0000 

3. A 0. 590'j 0. 74iO 0. • 0A77 0. ,004? 0.0001 0.0000 

3v 0. •""•"O'i 0. 34:v3 0. , 0f.?7, 0. ,0042 0.0001 0,0000 

33 * 0. vos 0. 34.70 0, . 0A27 0. ,004? 0.0001 0.0000 

39 0. fi^OS 0. 34 70 0. , 0,'.?3 0. ,004? 0.0001 0.0000 

10 0. •5? or. 0. 7170 0, ,0.'.73 0. ,004? 0.0001 0.0000 

4i 0. 3V05 0. S17„i 0. ,0A77 0, ,004? 0.0001 0.0000 

i? 0. '?05 0. .1170 0, .0/.73 0. ,0047 0.0001 0.0000 

4( o , c>v^;i 0. 7$"»0 0, ,0473 0, ,004? 0.0001 0.0000 

44 o. •;ni':. 0. 3.170 0. , 0Ar.'7 c. ,004? 0,0001 0.0000 

I") 0. 5"0J 0. J170 0, . Of. 77 0, ,004? 0.0001 0.0000 

4 A 0. 590? 0. y.A-'.z 0. , 0AP7 0, , 00-17 O.C'Ol 0.0000 

*7 0. n"0', 0. 3'.70 c, . 0 i:\7i 0. ,004? 0.0001 0.0000 
-oc» 0. T^O'- 0. 7470 0. . 0i'.7.7 0, t *n 1-» 0   0001 0.oooo 
4? 0. r.9oc, 0. .7170 0 • 0^77. 0 ,004? 0.0001 0.0000 

fiO 0. ,f90'"i 0. ,747.0 0 .0.'."7 0, .004? 0.0001 0.0000 

T'i o. '>7:v: 0. 747,-' 0, ,0^77 0 .C-Ofl? o.oooi 0.0000 

Ti? 0. riV'*;( 0. ,7470 0. , 0'j?7 0, ,0042 0.0001 0.0000 
f,-i 0. *j90r. c. ,"••17.0 0, , 0/.77 0, ,C04? O.OOOI 0.0000 
f,.? 0. S?OTJ 0. 7.170 0, ,0''77 0. ,004? 0.0001 0.0000 

r.J 0. • 5905 0. ,34 30 0. ,0473 0, ,004? 0.000! 0.0000 

t'.A 0. ::?05 0. ,317.0 0, ,0677 0. ,004? 0.0001 0.0000 

5 7 n, , r,-.o:. 0, ,34 70 0 .0677 0 .004? 0.0001 0.0000 

in 0 ',MS 0. 7170 0 ,0*',7 0 .004'' 0.000s 0.0000 

5-V 0. ,5?0S 0, , 7,47.0 0. ,0A73 0, .0042 0.000! 0.0000 

/o 0, 570f: 0 , ,7.470 0. ,0,'.?3 0. , 0042 0.0001 0.0000 

61 0. 5? or. 0. 7 4.'1 0, , 0*.73 0. .0'-"!2 0,0001 0.0000 

A? 0. S'or, 0, ,.'.47.0 0, ,0673 0, ,C04? 0.0001 0.0000 

<-> 0. ,r,;or; o, , 7. 3 7-0 0, ,0A77 0 ,0042 0.0001 0.0000 

64 0. ,."i?n-j 0, ,7470 0, . 0^77 0, ,004? 0.0001 0.0000 

A1: 0. E.90E 0, , 3470 o .0Y."\7. 0, ,0'v43 0.0001 0.0000 

A A 0. r,90-i 0. .74.7,:, 0, ,0^73 0, .004? 0.0001 0.0000 

/.? 0. , ^ur;"; 0. 7470 0, ,0/73 0, ,004? 1.0001 0.0000 

AI3 0, ,r.9cr, 0. ,7.170 0. , o/.:"> 0, .0017 0.0001 0.0000 

69 0. ,5907, 0. ,3430 0, , 0A73 0. ,0042 0.0001 0.0000 

70 0. , IiVOS 0. ,7430 0, ,0A73 0. ,00"? 0.nor 1 0.0000 

71 0. r.w, 0. 7470 0, , 0A7 7 0, ,004? 0.0001 5.0000 

/? 0 , h r^or. 0. .7.' »0 0 .C/,73 0 ,001? o.ooot 0.0000 

73 0, • "»90t> 0 , .J470 0. . Oc,77. 0 . O'M? 0   0001 f.. 0000 

74 0 .:,', n f, o ..71.70 0 • OA77. 0 .004? 0.0001 0.0000 

7C 0, , rvc:. 0. . 4130 0 .0673 0 .0,vl? 0.0001 0.0000 

'/•'. 0. . *• •":!. 0. , 3 4 30 0 .OoPS 0 .001? 0.0001 0,OPOO 

77 0, *-.Wi 0, ,71.70 0 , 0/.73 0 . O'T-1? o.ocoi 0.0000 

71: A , ,:;vo.-, 0. . 71.;o 0 . 0.' 73 0, . 0-343 0.0001 0.0009 

79 0. ,r.°o°t 0. . 7*7,' 0 . 0/ 77. 0, . 0 •".-".? O.D>0I 0.0000 

<:(> 0, ,:.^'o'. 0 , 7. .17.0 0 .0A73 0, ,0->-1? r.oooi 0.0000 

lit 0 .rW> 0 ,'i:'."1 0 . 0/.73 ft. .r." r O.OOftJ 0.0000 

lip 0. , r"i°'?'.j 0, , ',i:"o 0 ,o,',r7. .), , •-•117 0,00.  1 0.0000 

K3 0, ,r,9o:, r, .71'. 0 0 . 0 • 73 o .O.'.r.- 0.OAO, 0,0000 

T4 r, . '".V"*' o, , .14 71 0 ,0.',73 0 .0..4.' 0.000, 0.0000 

r:'_, 0, .r.ov. 0, . .'ii.'." o . C.-.73 0 ..-'•..•17 O.OCO! 0.0000 

iV. 0 .'.90', 0. . 7.-V'1.1 o . 0.',73 0 . o-7.'? O.OOOI 0.0000 

I!.' 0 .'.90'. 0 ,7-1 ' O 0 .0^.-7 o . 00 17 0.0001 <• .00,-0 

1   .: ,1 . r."tv (>. ..'.4 70 0 .Of.:'.' r. • Ol'-I.' ,.    ~00< -,..'>ooo 
C" 0 .'i"''', o .7 l.v! 0 . 'I.'.7 7 0, ,0>.|- 0,-)01 O,.-Ip^o 

';''"> 

'-'1 

0, 

0 

> V,3" , 0 , 

0 

0 

, .',4 f'1 

,  ' .1 ' v. 

0 
0 
i; . <"' .7 r, 

.Or '• ', 

.<>.n.• 

.COI.' 

P.. '001 

0. or.o 1 
0 ,,   3-1 

• •.0301 

" .-X'01 

0,0300 

-s .OP.'O 

0..•>«,•>(> 

O.i'O 'O 

0 ,.•..(.,. 
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TABLE A-7 

LISTING OF SECOND API PROGRAM 

f 1 1 AT«-EMK> 
12 3 ST«-SO 
t:v.    (•!(•! :A'K-A r+i 
I •! 3 tMif"M+«Mx + /(-or'N+l-M>tS7 >+ + /((»M)-i>xMtST 
I ;•.". ST+-ST+.XT 
f A;] -»<AT*-:K>p.3G 
t. / :i F M 

"*> 

v NOM1.SR 
r j t A,«--EM«-<> 

t.'3 S'l «-SO 
I::M r.<i.AT«-AT+i 
f. <13 EM<-f-M + Mxl-ST£.03 
ll'Vl ST«-ST+.xT 
C.f3 -»<AT<K)pGG 
C73 EM 

f 
vPERTARCLLHf 

v PERTAR 
1. J 3 'PFRFFCT TARGETING RESULTS FOR ' fN*' TARGETS' 
i ..' I ' SUlvlECIHi 10 ' JKf SUCCESSIVE ATTACKS? EACH ATTACK CONSISTING' 
("VI '     OF UP TO 'JMJ' MISSILES? EACH MISSILE HAVING A PROBABILITY OF KILL OF 'IPf' 
f ^ 3 i . , . __ _ .___ _ .—_  

rsn TM:? 
L6'J SOMNPOFI 
fVJ 'THE EXPECT? I' NUMBER OF" MISSILES FIRED ISS' 
[83 NOMISP 
C93 'THE INITIAL STATE ISt' 
f. 103 SO 
niJ • TH^" FINAL STATE ISS' 
t i :n ST 
i:t:?:j 'THE SUM OF FINAL STATE ELEMENTS SHOULD BE I — IT ISS • I+/ST 
M1] IX lN+D-1. 
• I^:J EM/IXST 
M.6J 'I HE EXPTCIEI.1 NUMBER OF TARGETS SURVIVING ISS ' JE» 
I" 1 r\ €n>2M + /< !.*:!> xST )-<+/TxST>*2 
i .tB:I si.?«-si.2ro 
! :l v l SIH-S»2*0.S 
C?0:i ' I'HI- STANHAKIJ IlEVJATION OF TARGETS KILLED ISI ' 5SD$ 

v 
vFiANTARCmv 

V RAN1AR 
Ul 'RANDOM "f ARGEi ING RESULTS FOR 'IN?' TARGF.TS' 
! 23 '     SUBJECTED Tt.< 'IKS' SUCCESSIVE ATTACKS*. EACH ATTACK CONSISTING' 
f.JJ '      OF '5H5' MISSILES? EACH MISSILE HAVING A PROBABILITY OF KILL OF 'iPi'.1 

E 43 • _ _ ______ __. ._— 
I '<3 TM2 
!:<?,3 SO*-<NrO)»i 
r-7-! -IHF EXPECTED NUMBER OF MISSILES FIRED ISt ' 
rej NOMISR 
1.V3 'THE INITIAl STATE IS!' 
11.03 SO 
1.113 'THE   FINAL   STATF   ISS' 
r. 123 3T 
rKVI 'SUM   OF   FINAL    STATE   ELEMENTS   SHOULD   BE   1   —   IT   IS!    ' I4-/ST 
I MI Tt-lN+1 
I  1^,3 E<- + /IxST 
1116.1       'THE   FXPFCTED   NUMBER   OF   TARGETS   SURVIVING   ISI    ' FE» 

t I./J Pr.i'.^-<+/<I*2)xST)-<+/HiST)*2 
1.183 sr.:'*-sr.2ro 
C193 SI.i«-8I..2*0.5 
C203  'THE STANDARD DEVIATION OF TARGETS KILLED ISI ' IBDI 
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TABLE A-7 (con't) 

v   RANTARM 
t 1J   'RANDOM TARGETING RESULTS FOR 'IMS' TARGETS 8 

L23   • SUBJECTED TO 'IKS' SUCCESSIVE ATTACKS* EACH ATTACK CONSISTING1 

C33   '      OF • *M5' MISSILES? EACH MISSILE HAVING ft PROBABILITY OF KILL OF 'IPI ' 
C43   • (MISSILES SPREAD AHONG CLOSEST 'W TARGETS)' 
rtij      • • —_~ . _  
E63        TM1 
t:?3      so«-<Npo>ri 
C83   'THE EXPECTED NUMBER OF MISSILES FIRED ISt' . 
f«?3   NOMISR 
CI03  'THE INITIAL STATE ISt' 
r i. i i so 
C123 'THE FINAL STATE IS?' 
[133 ST 
C143 'SUM OF FINAL. STATE ELEMENTS SHOULD BE 1 — IT ISS 'J+/ST 
Ct53 I*-IN+1 
El A3 E*- + /IxST 
[173 'THE EXPECTED NUMBER OF TARGETS SURVIVING ISS ' #E» 
1JH3 SD2«-<+/<I*2>xST>-<+/IxST>*2 
C193 SD2*SD2r"0 
E203 Sri«-SD2*0.5 
C213 'THE STANDARD DEVIATION OF TARGETS KILLED ISS 'ISDI 

VSUMC03W 
v SIG«-SUM»D 

C13   D«-~l 
C23   SIG«-0 
E33   C1*J-I 
C43  EESD«-D« 
C53   Dlt-D-s-J 
r.63   IG«-(~l*Cl-D)x<DlC)>x<D14-<l-Dl)XS>*M 
[73   SIG*-SI6+IG 
C83   -KD<C1>PEE 
[93   STGMI! J>»SIG 

vTMiC03^ 
» TM1 

E13   DI04-0 
r?3  S«-I-P 
r:<i  T«-<<N4-i>5N4i>p© 
L43        I«--l 
C53     LOOPS H-I+l 
£63        J<-"1 
r?j    LOP;J«-J4-I 

C83 •»((<j-i)<o>v<J-I)>M)fBB 
C93 -»<I=J}pCC 
C103 -»<M<J>pYY 
C113 TfJII3«-SIG«-SUH 
ri23 BB:-HJ<N>PLOP 
C5.33     -»<I<N><>LOOP 
C143     T[OI03«-1 
C1.53  'THE TRANSITION MATRIK T ISS ' 
C163  " 
C173  T 
C1.R3  -90 
C5 93 CC!TITItJ3«-S*H 
L20J -»B8~-. 
C213 YYSII«-I 
E223  JJ«-J 
C233  I4-I+H-J 
C24 3  J«-M 
T253  TCJJfllJt-SIG+SUM 
€261      14-u 
[271  J*JJ 
C283  -»BB • 

» 
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TABLE   A-7   (con't) 

vTHl'l'LI iv 

I  1 "! r.Tfi' 0 
' •' < i.   • i • 

C4:J      I «•• -1 
C53 LOOPJT<-I-fl 

s: e 3     -»< < < .>-• i) < o > v < j -1 > > M > p BI> 
f9] -»(I=-J>PCC 
r.i03    TCimt-sie+suM 
Oil BBf-M J<^)PLOP 
i:i23      -KI<N)f>tO£lP 
0.3!      TEO ?(>!«• I. 
CUD  'THE TRANSITION MATRIX 1   18!' 
C 15 3 
ri63  T 
C173  -K> 
£18 3 CC:TO?j:i<-S*M> 
C193  -»BB 

v 

9 TM3 
r. 1. :i  oio*-i 
f.:21   T*-< (frH. ) »N+1 >P0 
C3"J  :K-O 

E4"J LOOPilt-I + i 
CS:J  ..H-O 
1:61 LQP!.>-„H-1. 
C 7 3   A •• ( < I» !. ) I J-1 ) x (P* J --1 ) x (t - F' > * T -1 
re:»  E<-< (j-r) IM>*. <"p*.»~i > v<i.-r>*"i- '•-!; 
f'.9".l    ![.HT]t'fi|X(I^i^M'-i: h>4"^' ' 
1:1.0:* -»U.JP>; >. J--N+1 
r.ii.:i ->!..MOpxu<H+i 
C121  * THE TRAMSITI CM MrtT«IX  T  IS t' 
113 3  T 
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TABLE A-8 

EXAMPLE OF SECOND API S»ft@GHAM 

Nt-10 
M-4 

P*-.5 h 
V 

key  In 

PERTAR 
PFRFECT   TARGFTlWfs  RFSl.'LTS  FOS   10   TAMgTS 
SUBJE.C'ifii   TO   4   SOCCFBSJWF   M'lACKti   tACH  ftTTACK  C0NSIST1N8 

OF   (.IP   TCi   5  HI&SILFSi   EACM  MISSILE  MAW1N6  A  PROBABILITY  Of  KILL  Of o.s. 

THE TRANSITION MATRIX  T ISI 
1 0 © 0 © 0 © 0 0 © © 
0,5 ©.5 0 © 0 0 0 0 © 0 © 
0.2S 0.5 0.35 © © 0 © © a 0 © 
0.1?5 0.37S 0.375 0.125 0 0 © © 0 © © 
<».0A?5 ©.35 0.375 0.25 0.«&?S 0 © © © 0 0 
O.03125 o. is* at. 0.312S 9.3135 0.1S425 0. 03125 0 0 © © o 
0 0.03t?5 0.15f?S 0.3S23 0.3125 0. 1662S 0. ©3125 0 © © 0 
0 0 0.0312S 0.15625 0.3J25 0. 3S25 ©. 15625 ©. 01125 © 0 0 
0 0 0 ©,©3125 ©.15*25 0. 3125 0. 3J25 0. 15A25 0. ©3125 a 0 
© 0 0 0 ©. <*:«:<& 0. 1S62S 0. 3J?5 0. 3125 0. 15625 0. ©3135 0 
0 0 © 0 0 0. 031 ?5 0. JS625 0 3125 0. 3125 0. SS&3S 0.63125 
THE' FXH-.ClfcD MUMPER OF MIf.SIJ-66 FIBEB IS! 
J 7.11135864 
THE INITIAL STATE IS! 
00000090001 
TM» Fiwm STATE ISI 
O.:'J7-*I:*8J:W 0.34A0493359 o.?«3«A3S93 

<>.0001flllVPl?OJ      O.POOO»V0734«A'A.J     9 
THF   SdM  OF   f'JKAL   «?lftTF.   ElFMf'MTS  SHIHII !i   FE 
TMt   (-XPEC1EH   UtWBfcR  OF   IhHWTti   SlttsV'TUIMR 

».li?03?458?     ©.0421310996?     0.01478576«6     ©.©04620552063    ©.0©t©B?!88721 
S367431A4E~7 
I   —   IT   ISI    S 

IS?    1.444320A79 
IMS-   STMiliAKIi   HIVIATION  OF   TARfcKTS  Klt-IFD   IS!   2.22899/298 
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TAgLE A-8 

EXAMPLE QF SEC©» API PROGRAM 

Kt-4 

Pfr.5 !- 
• 

key  In 

PERTAft 
PFRFECT   TARGF.TIWR  RFSULTS  FOR   10   T&JSBETg 
SUBJEfiFH   TO   1   SUCCtrsSIUF   MMRit.   tttVM  ATTACK  CONSISTING 

OF   UP   TO   5  HI&SlLFSi   EACH  MISSILE   HAVING   ft   PROBABILITY   OF  KILL  01-   O.S. 

THE TRANSITION MATRIX  T is: 
i 0 0 0 @ © © 0 © © G 
0.5 ©.5 © 0 0 © Q 0 © © e 
0.25 O.f. 0.35 © 0 © 0 0 0 © @ 
0. 1 25 0.375 0.375 0.125 0 @ 3 © 0 C 0 
<i. 0.425 0.35 0.375 0.25 0.0625 © 0 0 0 0 © 
<). 03125 0.ISA2b 0.3125 0.3125 0.15625 © ©3125 © c 0 © 0 
0 0,03125 0.15A2S 0.3125 0.3125 0. IS625 0. 03125 0 © 0 0 
0 0 0.03125 O.S5S25 0.3S25 0. 3125 0. 15&2S ©. 01125 0 © © 
0 0 0 0.03125 0.15A25 0. 3125 0. 3125 ©. 1?A25 0. ©3125 0 © 
© © 0 © 0.0.1125 0 15625 0 SI 25 0 3125 0. S5S25 ®.@3S25 © 
0 0 0 0 0 0 ©31 2S 0 SS625 © 3125 0. 3125 0.15425 0.03425 
THH   FXF-fcCliLD  NUMBER  OF   MIT.SILE8  FIRED   ISt 
17.111:*5864 
THE   INITIAL   STATE   IS2 
©0000000001 
TH1    FJWAl    STATF   ISi 
0.:>^7-'i:*813ft     0.34A0A93359     0.24 J 3463593     ©.112037SS87     0.04213809967     0.0147857666     ©.©04620552063     0.001087188721 

O.00O1P119B1201      0.0»001V0734tt63o     9.5367«164E~7 
THF   SUM  OK   FINAL   STATE   EtFMFNTS  SIMM <•   HE   S   ~   IT   ISS    1 
TMt   hXPEClEU  WHIMftft  OF   1AKRF1S   SIIWIVINB   IS;   1.444320679 
IHf-   F.TAWHAWI.   litWIATItm  OF   MW€TS  MLlFIi   ISS   1.73B9972VB 
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TABLE A-8   (con!t) 

mmm   *#•  key   in 
RANDOM   TAKfiFTING  RFSUl TS  FOR   tO  TARBETS 

'nehn-riFH   TO   4   SUCCESSIVE   ftTTMKS.   FftCH   ATTACK   CONSISTING 
OF   5  M]<:SIIEt>>   8-ACM  MJr.filLE   HAVING  A  PROBABILITY   OF   KILL  OF   0.5. 

THF TRANSITION MATRIX T IS? 

1 0 0 0 o 0 0 0 0 0 © 
0.9f>9 0.03J3 0 0 © 0 0 © © © 0 
O.StJ/ 0.412 0.03S3 0 0 0 © © © e 0 
0.15B 0.50? 0.JSO1 0.0313 0 0 © © 0 © © 
O.022 0.223 0.4A7 O.I?S6 0.0313 © © 0 0 0 0 
0.00I2 0.042 0. ?S5 0.438 0,233 0, .0318 0 © 0 © © 
0 0,00209 ©.0579 0.272 0.416 0, ,218 0.03S3 0 9 © 0 
0 0 0.004&9 0.0703 0.283 0, ,403 ©.2©e 0. ,©313 0 e © 
0 0 0 O.0j>641 0.0801 ©, ,2? ©.392 0. ,2C\ 0. .©313 0. 0 
0 0 © 0 ©.©08 0, ,088 0.2VS 0. ,383 0. 1*5 0.0313 © 
0 0 0 0 0 ©, ,00945 0.0V45 ©, , 2913 ©. ,376 0.191 6 
THF EXPFCTfc'B NUMBER OF MISSILES FIREP SSS 

,©313 

19.9 
THF   INITIAL   STATE   ISS 
©000000©®©! 
THE   FINAL   STATE   IS! 
0.235     0.256     0.?31      0.155     0.0791     0,0305     0.00879 
SUM   Of   FINAI    STATF   ELEMENTS  SHOULD   BE   1   —   IT   IS!   1 
THE   FXPFCTEfi  WlMPtfi   OF   TARGETS   SURVIVING   iSI   1,72 
TriF   STANDARD   PFVIATIOM  OF   TARGETS  KILLED!   1S»   1,44 

0.00184     0.000264     0.0000233     9.5«~7 

RftWTARM «#»   tey  in 
RANDOM TARGETING RESULTS FOR 10 TARGETS 

SUBJECTED TO <? SUCCESSIVE ATTACKSt EftCH ATTACK C0SUS1STSMS 
OF 5 MISSILES? EftCH MISSILE. HAVING ft PROBABILITY QF KILL OF 6.5. 

(MISSILES SPREAD AMONG CLOSEST b TA88ETS) 

THE TKANSIT10M MATRIX T IS! 

1 0 0 © 0 e © 0 0 9 © 
0.9&9 0.0313 0 0 0 0 0 0 © 0 © 
0.557 0.412 0.0313 0 0 © e © © © © 
0.15B 0.509 0.301 0.0313 0 s © 0 0 0 0 
o.o:>? 0.223 0.4A7 0.25A 0.0313 0 0 0 © e 0 
0.001? 0.042 0.255 0.438 ©.233 o« ,0313 0 0 0 © © 
0 0,0012 0.042 0.255 0.418 ©< ,333 0. ©313 © 0 © 0 
0 0 0,0012 0.042 0.255 &. ,438 0. ,233 ©. ©313 0 0 0 
0 0 0 0.0012 0.0*? 0. ,355 0. .438 0. ,233 0. 0313 © © 
0 © 0 0 0.0012 ©• ,043 0. 2S5 0. 43H 0. 233 0. 0313 0 
0 0 0 © © 0. ,0012 0. ,042 ©. ?55 0. 438 ©. 233 0 
THE EXPECTED NUMBER QF MISSILES FIREB ISI 
20 
THE IMITIAL STATE ISI 
soooooooeoi 
THF   FINAL   STATE   IS! 
O.JAS ©.234 0.346 0.186 0.107 0.Q4S4 0.0136 
SIM Of FINAL SlATk Fit-MENIB RHIHI1» BE 1 — IT IS! 
THE F.XHtC'lEin NUMBFK OF TARIiElS SURVIVING 181 2 = ©« 
THF.   STANDARD  BS.M1OTI0M OF   TARGETS KILLED   181   1.49 

,0311 

6.0@28  6.00037  ©,©000?S4  9.54E"? 
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CNA Prafeisienal Papers - 1976 to Presentf 

W>U1 
Minahi. Maurice M.. "Gsmiralijad Harmita Poly- 
nomials."* 5 pp.. F«b 1978 (Raprintad from tha 
Journal of Compuntioiiil asd AwSiad Matha- 
matio. Vol. 1, No. 4 (19751. 273-277). 
*Rnt(rch supparisd by th< National Ss'vmtx 
Foundation 

PP 143 
BorasniK. Stanley and Snarnian. Allan ILCdf.. 
USN). "Mrintaiunra Pmonnal Effuctinnnt in (ha 
Na»y." 33 pp.. Jan '376 IPrntnud •« the HAND 
Confaranca   on    DsStnss   Manpovnv.    Feo    197S> 
AD A021 SI 

Duich, William J.. "Tbs Wssy of tin Stefwbiic ol 
Chin* - History. Probswre. an<S ftoss»«ts," 95 pp.. 
Aui 1976 (PuMiirMd in "A Guida to Asiatic 
Fte«s." «d. by feny M. Bhcfimqn and Robert 
Barmen. N»H Imstituts Frets! AD A030 460 

PP 145 
Kelly. Amis M., "Port Visits end tht "in»r- 
naticnaliit Mission" of the Sown Na»y." 36 pp., 
Apr 1976. ADA023 43S 

PP 147 
Ktittot. J. Christian. "Ltgal Itsuus ir. Protuting 
OSshsrt Structural." 33 pp.. Jun 1976 (P.apsred 
an*?    taut    afdw    N00014-S8-A-0091-0023    for 
QNFS1 AS AS2B 38S 

PP 149 
Souit®s, rWchts! L-, "Couotfrforca Effgeti^sntss: A 
Comparison of t!i« Tsipis "K" Measure and • Com- 
putn Simulation," 24 pp.. In 1976 IPrntntad n 
tht toteriMJiofwt Study Association Mattings. 2? 
F«o 19781 AD A022 591 

PP ISO 
Kelly. Anns M. and Ptttrwn. Chillis. "Fterant 
Changs in Soviet rtossl Policy: Prospects for Arms 
Limitationi in the MtdittrraiHan and Indian 
Ocean," 28 pp.. Apr 1978, AD A 023 723 

Pf> 151 
Horowitl. Stanls-y A., "The Economic Con- 
Mlgisnss of Political Philosophy." 8 pp.. Apr 1S76 
(R§i»intwi from Economic Inquiry. Vol. XIV. No. 
1. Mai 19761 

Ff>152 
Miirahi. Wtmiieti M.. "On Path Integral Solutions of 
tiie Sehretlinfttr Equation, Without Limiting •ro- 
ce*H«."" 10 pp.. Apr 1976 (Riptintwl horn 
Joumil of Matlmtatiert Fliyiics. Vol. 17. No. 4 
ifm 1976J. 5M-576). 

by    tlw 

..   "So»ie«   fo«isn   m>m,  snd 
Third World Nations." 26 pp.. Jun 1978 fftap»Ki 

PC 153 
msm.  MMHHI  M..  "WKB Expansions by  Pa* 
limaralt.   Wish   Applications   to   tlw   ABhwrewrlre 
GsefflTOs,"* 137 pp.. May 1976. AD A025 440 
Bfi@ts#F£fs    sn^p@rts4    fjy    th@   NMions!    SCSSfiS® 

•¥> IS* 
Minahi. Mwtia M., "On tht SsrrBi-Ct»sst€»I 
ispsntion in Ouantum fciwAwies for Arbitrsry 
HsmiUBKiM," 1® pp.. May 197S (tVMislwd in 
JesHirt of »MKnwK«l Physics, Vat. IS. No. «, 
pp. 7W-7W. Af» If 771. AD A025 Ml 

Asseriition msstinp. <»;» 30. 1876) AD AeZfl 389 

PP IBS 
SMllinn, WiWirn.  "Approadm to Chinsa Chmas- 
t« R«e§ni!ion." 12 pp.. Jun 1976 SReprintsd 
from Plttarn Rtcosnitioa IPsrssmon P>«s), Vw). 8. 
pp. 87-98. 19781 A9 AS2S S82 

M> 1S7 
Stotpn. WiHiam F.. "Un«ir-p!oyment j«S *a Pwiti- 
S°n Badjtt: "s Th«s Anythinfj in the Empty folk 
BmnUr- 20 pp.. Aus 497S AD A030 S55 

WM58 
H^skatt. LCS». Ri<A»^ O. (USN). "Eape::n"»«jl 
Vilidasmn of Probability Predictions." 26 pp.. Aug 
1S76 !PiHant«3 a; tin Military Osarasiwis Rt- 
SMrdi Soeialy MtMirs». Fad 197B! AD A030 458 

PC IS 
McCoiMMll. JJUKS M.. 'Th» Gorsllkos Afticwi, Ths 
Ntw Goniikoa Boo's snS Thtit FSslstion to Policy," 
93 pp., Jul 1976 (Published in Sasiet Nnal In- 
flusncs: Domntic and Foreian Dimsmiora. «j. by 
M. MceGwiit sn<3 J. r*BonnBlI: Un Yotli: 

if. 1977) AD A029 227 

PP ISO 
Wilion. Desmond P.. Jr , "The U.S. Sixth Fhwt and 
tit* Contention®! Daf®ns® ol Europ©." 5€ pp.. Sep 
1976. AD A030 457 

PP 161 
Malic*. Michael E. »nd Pest, Viet Aclm. Ray (USN. 
Ratindl. THat Commandats: Afloat ot Ashore?" 
5 pp.. Aug 1976 (Rsprinted from U.S. Nnal In- 
stitute Proceedings. J.-n 1978) AD A030 458 

PP 162 
FrKtlhtiir.. Robtrt L., "Parliamtiitary DipSonMcy." 
106 pp. sep «97S AD A033 3SS 

PP 183 
Loikmin. Rob»t F„ "A Model for (Wistimg 
Hsouit Losses." 9 pp.. Sep 1976 (Prtssntsd at the 
8«!h anmwl comantion of I'M Amsrican Psyche- 
logic®! Association. Wssliiniton. O.C., 4 Sap 1978) 
(Pubtishetl in Defsnss Manpowar Policy (Rieherd V. 
L. Coopar. ad.I, Tlw Riirf Corporation. 1979!. 
AD A930 «B9 

*feonsy. Rofcsn B.. Jr.. "An AsiMsmmt of PsWic 
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